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The purpose of this work was to test the applicability of atom¬ 
ization to absorption by means of a two-fluid or gas-atomization nozzle* 
Since absorption depends directly on the amount of liquid surface ex¬ 
posed to absorbable gas, and atomization of a liquid produces the largest 
possible surface to mass ratio, it was felt that absorption by this 
method would be commercially possible and the results obtained con¬ 
firmed this* 

APPARATUS 

The apparatus used in this work consisted of an internal-mixing 
gas-atomizing nozzle, a collector for the product, and the equipment 
necessary to force the liquid and gas streams through the nozzle, and 
instruments to control and measure the volume, temperature, and pressure 
of these two streams. 

The atomizing nozzle, which is shown in Figure 1, is a modification 
of the sharp-edged nozzle used by Nukiyama and Tanasawa (l). The gas 
atomizing nozzle was chosen in preference to the pressure nozzle or 
rotating disk because the gas containing the soluble component is used 
to atomize the solvent and results in a much more intimate contact* As 
ordinarily operated, the gas atomizing nozzle also gives a finer degree 
of atomization and better dispersion than the other two types. While it 
requires more power than the pressure nozzle or rotating disk to produce 
the same degree of atomization, the gas atomizing nozzle operates at 
considerably less pressure than the pressure nozzle and does not con¬ 
tain any moving parts such as the rotating disk. 

A liquid was introduced into the nozzle from the back and as it 
emerged from the liquid orifice the stream was broken up in the mixing 
chamber by the high velocity gas stream which came in from the side. 
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The atomized liquid and gas mixture thus discharged through the 
front orifice into a collector. The diameter of the front orifice was 
Ool52 inches, and three liquid orifices were used with diameters of 
0.01ii6, 0.0257, and 0.0332 inches and will be referred to as nozzles 
one, two, and three, respectively; 

Two systems were studied and the equipment used in the different 
systems varied. The apparatus for the carbon dioxide-water system is 
shown diagrammatic ally in Figure 2. In this system, the gas stream was 
a mixture of carbon dioxide and air, and its composition was determined 
by means of the control indicated by two gas rotameters (A) and (B) on 
Figure 2. Carbon dioxide was svpplied from a fifty pound cylinder (D) 
and compressed air was obtained from a Worthington air compressor (E). 
The carbon dioxide rate was controlled by means of a standard carbon 
dioxide reducing valve (V^) in the tank, and the volume was measured by 
gas rotameter (A). The air rate was maintained constant ty means of a 
needle throttling valve (Vy) and the rate was measured by means of a 
second gas rotameter (B). These two metered streams were then mixed by 
means of a tee and led by common line to the mixing chamber of the 
nozzle (N). 

Distilled water was used and this was forced through the nozzle by 
means of an acid-egg (F). Compressed air for the acid-egg was supplied 
by means of a small Ingerso11-Rand compressor (G). The water rate was 
measured by a liquid rotameter (C) and controlled by means of a needle 
valve (V^) placed after the rotameter. A pressure gauge (P^), thermo¬ 
meter (T^), and a bleed off valve (V^) were installed on the water 
supply tank (F). 

Various sizes and shapes of collectors were used in the preliminary 
work, but most of the data was taken using only two different collectors. 
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The first was a heavy-walled glass column (H) with an inside diameter 
of 5-5/8 inches and three feet long. It had metal flanges on both ends 
and was slightly inclined to provide drainage and facilitate taking 
samples. The nozzle was sealed to the collector at the upper end to 
prevent air being drawn into the collector. The lower flange had three 
openings, one for draining off the liquid, one for the exit gas, and the 
third contained a thermometer (T ? ) for measuring the temperature of the 
exit liquid. 

A Cottrell precipitator (J) was placed in the exit gas opening of 
the glass collector to collect any entrained water droplets but the amount 
of liquid collected in the Cottrell was negligible. Later the nozzle 
was connected directly to the Cottrell.and the liquid sample was drained 
out of the bottom of the precipitator, and there was no appreciable 
change in the amount of carbon dioxide absorbed. 

The apparatus used for the benzene-kerosene system was similar to 
that used for the-carbon dioxide and water. The same nozzle and glass 
collector were used but the Cottrell precipitator was discontinued be¬ 
cause of the danger of exploding the benzene—kerosene—air mixture. The 
acid-egg was used to supply kerosene to the nozzle, and a piece of 
carburetor screen was placed in the line just before the liquid rota¬ 
meter to remove any foreign particles suspended in the liquid. 

A benzene-air mixture was made by vaporizing a measured amount 
of liquid benzene and mixing this with a metered stream of air. The 
flow of liquid benzene was controlled by a needle valve and measured by 
another small liquid rotameter. From the rotameter, the liquid benzene 
was led through a check valve to the vaporizer. The vaporizer was made 
of flexible copper tubing spiraled around a core. The tubing was wound 
with several insulated layers of high resistance wire, and the entire 
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vaporizer lagged. The amount of heat necessary to vaporize the benzene 
was controlled by a Variac, and the temperature inside the core was 
checked to insure complete vaporization. Air was supplied and measured 
as before. The benzene vapor was introduced through a anall line tapped 
into an elbow in the air line. The gas was then led to the nozzle by a 
line containing a union. This union was opened frequently to insure that 
all of the benzene remained vaporized. 

Pressure gauges were installed in the air line, on the kerosene 
tank, and on the collection chamber. Thermometers were placed in the 
kerosene line, liquid benzene line, vaporizer, air line, and collection 
chamber. All pressure gauges, thermometers, and rotameters were cali¬ 
brated. An exit gas line was installed on the collector which carried 
the benzene-kerosene-air mixture out of doors. 

ANALYSIS 

In the carbon dioxide-water system, metered streams of air and carbon 
dioxide were mixed and the composition was calculated from rotameter 
readings. However, it was necessary to analyze the water-carbon dioxide 
solution to determine the rate of absorption. Ten milliliters of the 
solution were collected in a pipette and introduced into a flask. The 
carbonic-acid formed was neutralized by titrating with a standardized 
solution of barium hydroxide using a phenolphthalein indicator. 

It was felt, however, that some of the carbon dioxide was being 
lost during sampling and titration and the proceedure was varied. The 
sample was collected as before, but was introduced into a flask contain¬ 
ing ten milliliters of the standardized base, and the excess alkalinity 
was titrated with standardized hydrochloric acid using the same indicator. 
Care was taken in drawing the sample into the pipette so that very little 
vacuum was drawn, otherwise some of the carbon dioxide would come out of 
solution. Also by placing the tip of the pipette under the surface of 
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barium hydroxide when introducing the sample into the flask, further 
loss of carbon dioxide was prevented. It was found by using the second 
method of analysis and observing tile precautions listed above that better 
results could be obtained. 

In the benzene-kerosene system, the benzene-air mixture was made as 
previously described, and the amount of benzene absorbed in the kerosene 
was measured by comparing the refractive index of the solution with that 
of pure kerosene. This was done using a Zeiss portable interferometer. 

This instrument measures the deviation of a beam of light from a fixed 

w > 

beam due to the difference in refractive indices of two liquids. The 
liquids to be compared are placed in a glass cell containing two parallel 
compartments of the same length. A standard solution is placed in the 
right hand compartment and the unknown in the left and the deviation be¬ 
tween the two beams of light passing through the cell is measured. The 
cell rests in a water trough to control the temperature and the instru¬ 
ment will not give a reading until both compartments have reached the 
same temperature. 

The instrument reads in arbitrary units of drum divisions up to a 
value of three thousand. The range and accuracy depend on the length of 
the compartments of the cell or the glass tubes—the longer the cell or 
tubes, the greater the accuracy and the less the range. A cell two 
centimeters long was used for the analysis of benzene in kerosene which 
gives a range of about 0.00250 difference in refractive index with an 
error of measurement of 0.000001. It was recommended that the instru¬ 
ment be used so that the number of drum divisions was less than one thou¬ 
sand since the refractive index is usually a straight line relationship 
in this range. A calibration curve of per cent benzene in kerosene 
versus drum divisions was made hy comparing a series of known benzene- 
kerosene solutions against pure kerosene. A reading of one thousand 
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drum divisions represented the difference of refractive index between a 
solution of about 1,5 per cent benzene in kerosene and pure kerosene, and 
by reversing the position of the cell a range of three per cent could be 
obtained for each solution used as a standard, i.e. a three per cent 
solution could be used to analyze samples in the range of 1.5 to U .5 per 
cent. Before each series of readings it was necessary to obtain a zero 
for the instrument. This was done by filling both compartments of the 
cell with the same standard solution. This correction was usually be¬ 
tween zero and thirty and was subtracted from all subsequent readings. 

A new calibration curve was made each time a different batch of benzene 
or kerozene was used. A more detailed explanation of the instrument and 
its uses is given in the instruction pamphlet (3) and by Lowe (1*). 

EXPERIMENTAL PROCEDURE 

In the carbon dioxide-water system, the control valves were adjusted 
to give the desired rates of carbon dioxide, air, and water, and they 
were allowed to run until steady rates could be maintained. This usually 
took about five minutes at the beginning of a series of runs, and between 
runs ample time was given for any new setting to become constant. For 
each run made, the various rates were recorded as well as the water 
temperature and the pressures of the air and carbon dioxide. The atom¬ 
ization inside the glass collector was observed and when sufficient liquid 
had collected it was drained off and analyzed as previously mentioned. 

In the benzene-kerosene system, it was necessary to let the equip¬ 
ment warm up for about thirty minutes before taking data. The Variac 
was turned on to heat the vaporizer and then the rates of liquid benzene 
and air were adjusted to give the desired composition. When the gas mix¬ 
ture reached a steady rate and composition, the kerosene was set at the 
desired rate. Sufficient time was allowed for the equipment to wash 
properly before taking runs and also between runs. The rates of benzene. 
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air, and kerosene were recorded as well as the temperature of all three 
entering streams and the exit liquid stream and the entering air pressure. 
The liquid samples were collected at the lower end of the glass collector 
and analyzed in the interferometer. 


RESULTS 


The results of the application of atomization to cocurrent absorp¬ 
tion are presented in the following tables and graph. The gas rates in 
both the carbon- dioxide-water and benzene-kerosene systems have been 
converted to cubic feet per minute at one atmosphere and 70° F. The 
pressure drop given is that necessary to force the gas through the rota¬ 
meter and the atomizing nozzle, but the pressure drop through the rota¬ 
meter is quite small in comparison with that through the nozzle. For 
the carbon dioxide-water system, the pressure drop is an average of that 
of the carbon dioxide and air streams. 

The drop size in microns was calculated by using an empirical 
equation developed by Nukiyama and Tanasawa (2) on the basis of several 
hundred measurements with a small gas-atomizing nozzle. This equation 
which gives the mean drep diameter of the spray in terms of operating 
variables and the properties of the liquid being atomized, is 



where d Q z diameter of single drop with same ratio of surface to volume 
as total sum of drops (microns) 

v Z relative velocity between the air stream and liquid 
stream (feet per second) 

Ql/Q a Z ratio of volume flow rate of liquid to 'volume flow 

* 

rate of air 


p z liquid density (grains per cubic centimeter) 
/X = liquid viscosity (poises) 
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CT s liquid surface tension (dynes per centimeter). 

This equation is not dimensionally consistent but is generally 
applicable to gas atomizing nozzles in which the liquid to be atomized 
has a density between 0.7 and 1.2 grams per cubic centimeter, surface 
tension between 19 and 73 dynes per centimeter, and viscosity between 
0.003 and 0.5 poises, and the velocity of the gas is below the acoustic 
velocity. 

The power given is the theoretical isothermal horsepower required 
to atomize one gallon of water or kerosene per minute calculated from 
the equation 

HP r O.OOU3636 p-jV In pg/p^ (2) 

where p^ r atmospheric pressure 
Pg = plus pressure drop 

V s cubic feet of gas per gallon of liquid per minute (5). 

To find the total power required, it would be necessary to add the 
power dissipated through fittings and piping and in the compressor. 

The carbon dioxide-water system was tried first to establish the 
feasibility of absorption by atomization since carbon dioxide is rela¬ 
tively insoluble in water. In Table 1 the effect of varying gas rate and 
drop diameter on absorption is shown as well as the power required to 
give the particular degree of atomization. For each group of runs the 
water rate was held approximately constant and the concentration of car¬ 
bon dioxide in air was about thirty per cent for the entire table. The 
gas rate was increased in each group with a consequent decrease in drop 
size. The amount of carbon dioxide absorbed in the water is seen to in¬ 
crease as the drop size decreases. Since the temperature of the water 
and concentration of the solute in the gas remains almost constant the 
per cent saturation also increases as the drop size decreases. 

The equilibrium solubility of carbon dioxide in water was calculated 
using Henry's law and the data from the handbook (6). The absorption of 





Table 1 


Effect of Varying Gps Rate on Absorption 
Glass Column as Collector 

Run Water Gas Percent Absorption Per Cent Mean Drop Pressure Power 

Rate Temp. Rate COg gms COg per Saturation Diameter ^rop- HP/gal/ 

ml/min °F CFM in air lOOgms H 2 O Microns lb/in^ min 


Nozzle 1 


1 

115 

73 

0.79 

29.1 

0.033 

71 

- 

0.7 

0.09 

2 

111 

72 

1.06 

29.4 

0.037 

78 

389 

1.0 

0.16 

3 

111 

72 

1.69 

30.2 

0.036 

74 

195 

3.0 

0.59 

4 

109 

73 ' 

2.47 

30.0 

0.039. 

82 

114 

8.9 

2.6 

5 

98 

71 

3.74 

34.5 

0.048 

85 

62 

11.7 

5.2 

6 

111 

71 

4.92 

33.0 

0.055 

102 

48 

16.7 

7.8 






Nozzle 

2 




7 

415 

79 

2.14 

32.7 

0.044 

94 

559 

6.0 

0.43 

8 

415 

80 

2.96 

32.1 

0.047 

103 

265 

7.0 

0.82 

9 

415 

80 

3.95 

31.9 

0.050 

110 

228 

13.3 

1.5 

10 

415 

80 

5.11 

32.2 

0.050 

109 

164 

19.5 

2.5 

11 

415 

80 

6.54 

31.2 

0.051 

115 

110 

26.5 

3.9 

12 

415 

79 

8.00 

31.5 

0.054 

119 

73 

34.0 

5.6 

13 

400 

79 

9.88 

31.0 

0.057 

128 

59 

44.3 

8.3 






Nozzle 

3 




14 

575 

77 

1.41 

33.4 

0.039 

78 

- 

1.3 

0.05 

15 

570 

77 

2.11 

33.2 

0.043 

87 

877 

4.7 

0.25 

16 

555 

78 

2.89 

32.9 

0.045 

94 

528 

7.7 

0.53 

17 

545 

78 

3.86 

32.4 

0.044 

93 

337 

11.8 

1.0 

18 

517 

78 

4.92 

32.2 

0.049 

104 

221 

16.8 

1.8 

19 

495 

78 

6.31 

31.6 

0.050 

108 

168 

24.0 

3.0 

20 

475 

78 

7.76 

31.4 

0.054 

117 

92 

30.8 

4. 5 


P 
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carbon dioxide in water in excess of the equilibrium solubilities calcu- 
lated from Henry's law was also experienced by Koch, Stutzman, Blum, 
and Hutchings (7)* These investigators found that the equilibrium data 
in the literature for carbon dioxide-water was not applicable since 
their calculations indicated supersaturated solutions based on this data. 
As a result of this, numerous determinations were made to obtain equi¬ 
librium data by bubbling carbon dioxide-air mixtures through water for 
twenty minutes, and their data gave about the same deviation from the 
data in the literature as Table 1. 

This table also gives the horsepower required to atomize a gallon 
of water per minute using the liquid-gas ratio and pressure drop from the 
table. From an examination of the table it is seen that the power re¬ 
quirements go up quite rapidly for small decreases in drop size especially 
for mean drop diameters below one hundred microns. Marshall and 
Seltzer (8) gave an estimate of six horsepower to atomize one gallon of 
water per minute to a mean drop diameter of fifty microns and from Table 1 
it is seen that it would take about 7.5 horsepower per gallon to produce 
the same degree of atomization. 

A factor to consider in this method of absorption is the time. While 
it was not possible to determine the exact time the liquid was in contact 
with the gas, absorption comparable to that obtained by Koch £t al.was 
obtained in considerably less time than they used to obtain equilibrium. 

The benzene-kerosene system was chosen to approximate the con¬ 
ditions found in the by-product coke industry where benzene and other 
light oils such as toluene and the xylenes are removed from coke oven 
gas by a wash oil similar to kerosene. A ton of coal produces approx¬ 
imately 3.3 gallons of these light oils, depending on the type of coal 
and the conditions under which the coke ovens are operated. The gas 
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per ton of coal which also depends on the type of coal, etc,. Is about 
eleven thousand cubic feet at a pressure of thirty inches of mercury and 
a temperature of 60° F., and the 3*3 gallons of light oil in the vapor 
state occupy about one per cent of the volume of the coke oven gases. 

Table 2 shows the results of the absorption of benzene from a 0,88 
per cent mixture. The gas rate and composition were kept constant and 
the kerosene rate was varied. The inlet kerosene temperature remained 
practically constant and the variations of temperature in the collection 
chamber were caused by changes in the temperature of the room and the 
inlet gas. Column five of this table is the volume ratio of kerosene to 
the liquid volume of benzene used to make the benzene-air mixture. 

Column four is the analysis of benzene in kerosene after absorption. It 
was necessary to change to nozzle two in order to get the higher rates 
of kerosene. 

By increasing the kerosene rate it was possible to absorb prac¬ 
tically all of the benzene from the benzene-air mixture. Run 156 of 
Table 2 shows a recovery in excess of one hundred per cent, but this 
could be explained by the fact that the kerosene rate is very high and 
a decrease of only 0.01 per cent in the analysis could correct this. 

Figure 3 is a comparison of the above data—runs 83 to 93 of 
Table 2—with the recovery of benzene from coke oven gas by wash oil in 
a commercial tower packed with wooden slats. The data used for the 
packed tower were taken from that of Glowacki (9) and while it was given 
as gallons of wash oil per ton of coal, it has been converted to a 
wash oil-benzene ratio on the basis of 2.21 gallons of benzene per ton 
of coal. The wash oil temperature used by Glowacki was 82° F. and the 
tower was equivalent to four transfer units. 

There are several factors to consider in the conparison, one of 





Table 2 


Absorption of Benzene from 0.88 Per Cent Mixture 
Air rate 1.85 CFM - Liquid benzene rate 1.74 ml/min 


Run 

Kerosene 

Rate 

ml/min 

Chamber 

Temp. 

Op 

Per Cent 

C 6 h 6 in 

Kerosene 

Kerosene 

Benzene 

Ratio 

Per Cent 
Benzene 
Recovered 

Mean Drop 
n amet er 
Microns 

Power Pressure 
HP/gal/ Lrop 
min lb/in* 5 

83 

151.5 

78 

1.00 

Nozzle 1 
87.0 

88.0 

301 

0.88 

5.0 

84 

136.6 

77 

1.11 

78.4 

88.0 

256 

0.97 

5.0 

85 

120.9 

77 

1.18 

69.5 

83.0 

224 

1.10 

5.0 

86 

106.0 

77.5 

1.28 

61.0 

79.0 

188 

1.25 

5.0 

87 

93.6 

77.5 

1.37 

53.8 

74.8 

164 

1.42 

5.0 

88 

81.2 

77.5 

1.50 

46.7 

71.1 

142 

1.63 

5.0 

89 

69.3 

77.5 

1.65 

39.8 

66.7 

120 

1.92 

5.0 

90 

57.3 

77.5 

1.90 

33.0 

63.8 

101 

2.32 

5.0 

91 

46.0 

77 

2.03 

26.4 

54.8 

86 

2.89 

5.0 

92 

35.0 

77 

2 .36 

20.1 

49.6 

72 

3.80 

5.0 

93 

24.4 

77 

2.76 

14.0 

39.8 

60 

5.44 

5.0 

94 

14.0 

76.5 

3.48 

8.0 

28.9 

50 

9.48 

5.0 

150 

122.0 

78 

1.04 

Nozzle 2 
70.1 

73.5 

220 

1.09 

5.2 

151 

152.0 

77 

0.9t6 

87.4 

84.5 

290 

0.87 

5.2 

152 

183.5 

76 

0.81 

105.4 

86.1 

370 

0.72 

5.3 

153 

216.0 

76 

0.76 

124.0 

95.1 

465 

0.61 

5.3 

154 

250.7 

76 

0.68 

144.0 

98.6 

570 

0.53 

5.3 

155 

281.5 

76 

0.61 

161.8 

99.3 

672 

0.47 

5.4 

156 

325.0 

75 

0.54 

166.6 

101.5 

845 

0.41 

5.5 
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which is the tenperature. The data for the packed tower average about 
U.$° F. above that given for atomization, but from other data given by 
Glowacki the curve for the packed tower would be raised by a factor of 
about two per cent recovery if it were for the same temperature as the 
atomizationo Also the relative solubility of benzene in the wash oil 
used in the tower and the kerosene used in the atomizer is not knowi. 
There also seems to be a discrepancy in the curve given by Glowacki. 

This benzene recovery curve was taken from a graph that also gave tol¬ 
uene, xylene, and total light oil recovery. Since benzene is the most 
volatile it is the most difficult to recover, and normally the per cent 
benzene recovered should be less than the per cent of total light oil 
recovered. However, the benzene recovery curve crosses that for total 
light oil at about ninety per cent, whereas it could approach this curve 
but' normally should not cross it, and does not for any of the other con¬ 
ditions given by Glowacki. This still provides the most direct compari¬ 
son, however, that could be found. 

The benzene recoveiy curve for the packed tower crosses the 
atomization recovery curve and follows it fairly closely in the upper 
portion. Figure 3 shows a better recovery of benzene by atomization 
absorption than by packed towers for the lower wash oil-bensene ratios. 
This is not surprising since the best atomization is obtained in this 
range. If the benzene recovery curve for the packed tower ran below the 
total light oil recovery curve for the packed tower then it would inter¬ 
sect the atomization curve on Figure 3 at a wash oil-benzene ratio of 
about ninety instead of fifty. 

The results of absorption from a gas mixture containing less ben¬ 
zene than is normally found in coke oven gas is given in Table 3 where 
the per cent of benzene in air was 0.39* A comparison of Tables 2 and 3 
shows that the kerosene-benzene ratio for practically complete recovery 





Table 3 

Absorption of Benzene from 0.39$ Mixture 
Air rate 2.45 CFM - Liquid benzene rate 1.0 ml/min. 


Run Kerosene Chamber Per Cent Kerosene Per Cent Pressure 
Rate Temp. CgH g in Benzene Benzene Prop^ 
ml/mln °F Kerosene Ratio Recovered Ib/ln 





Nozzle 

1 



121 

151.5 

77 

0.67 

151.5 

102.2 

7.8 

122 

136.6 

77 

0.71 

136.6 

97.7 

7.8 

123 

120.9 

77 

0.77 

120.9 

93.9 

7.8 

124 

106.0 

77 

0.86 

106.0 

92.0 

7.8 

125 

93.6 

77 

0.94 

93.6 

88.8 

7.8 

126 

81.2 

77 

1.02 

81.2 

83.6 

7.8 

127 

69.3 

77 

1.08 

69.3 

75.6 

7.8 

128 

57.3 

78 

1.24 

57.3 

71.4 

7.8 

129 

46.0 

82 

1.39 

46.0 

64.8 

7.9 

130 

35.0 

82 

1.54 

35.0 

54.8 

7.8 
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is about the same in both cases* Glowacki (9) points out that "for 
maximum absorption the necessary oil-to-gas ratio is independent of the 
concentration of the constituent in the gas". However, the maximum 
absorption does depend on the oil—solute ratio and for this system the 
kerosene-benzene for practically complete recovery seems to be about 1S>0. 

Gas mixtures were also made of approximately two and four per cent 
benzene in air, but the limited capacities of the nozzle and kerosene 
rotameter prevented the recovery of all the benzene in these mixtures. 
However, for a given kerosene—benzene ratio, the per cent of benzene re¬ 
covered depended on the concentration of benzene in air for recoveries 
less than ninety per cent. 

The power required to atomize a gallon of kerosene is also given in 
Table 2. The power required to atomize kerosene to a mean drop diameter 
of fifty microns came to about 9*5 horsepower per gallon per minute which 
is somewhat higher than the power required to atomize water to the same 
degree. 

CONCLUSIONS 

* 

From the results obtained, it is seen that absorption by means of 
a gas atomizing nozzle is feasible since it was possible to obtain 
saturated solutions of carbon dioxide in water and to get practically com¬ 
plete recovery of benzene with kerosene from-a gas mixture approximating 
industrial conditions. 

The next step would seem to be with larger equipment approaching 
'industrial size. From this it should be possible to obtain more accurate 

data on power consumption and thus arrive at the most favorable economic 
balance between power consumption for atomization and solvent-solute ratio, 
per cent recovery, and recovery cost. Also with larger equipment, it 





will be possible to obtain the most satisfactory nozzle arrangement, 
i.e., whether it will be more efficient to have one large nozzle or a 
series of smaller nozzles for a particular absorption system. It is felt 
that by improved nozzle design it will be possible to produce a better 
degree of atomization and obtain almost complete recovery of solute with 
a smaller amount of solvent .than was possible in this work. 

Of even more importance, however, is the fact that absorption by 
atomization takes place almost instantaneously and that the size of the 
collector for the product can be many times smaller than the towers 
presently in use. While some further work is needed to improve the 
effectiveness of absorption, it is felt that the most progress can be 
made in the design and application of collectors for the finely atom¬ 
ized liquids. Where towers up to a combined height of 250 feet are now 
being used, it should be possible to atomize the liquid and collect the 
product in equipment which is only a small fraction of this height. 

Thus the atomization of liquids to absorb soluble gases has a definite 
commercial application and should result in a considerable saving in 
size and cost of equipment. 
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